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(54) MANUFACTURE OF SEMICONDUCTOR DEVICE 
(57)Abstract 

PURPOSE: To achieve that impurities are hard to be left on a treated 
surface, that the treated surface is hard to damage, that the impurities 
are hard to diffuse and that an element characteristic is hard to 
deteriorate by a method wherein the following are executed 
simultaneously or alternately: a process wherein a substrate to be 
treated is heated for a short time by a rapid thermal annealing method; 
and a process wherein the beam of the constituent substance of the 
substrate to be treated is irradiated. 

CONSTITUTION: A substrate holder 11 has a shape which sandwiches 
edges of a substrate 12 in such a way that the surface on the side of an 
element formation region on the substrate 12 and the rear on its 
opposite side are not covered; the substrate 12 is arranged in such a 
way that its surface is faced downward; an infrared lamp 13 which can 
irradiate the rear is provided. Three x three pieces of molecular-beam 
cells 14 are arranged in a direction perpendicular to the surface of the 
substrate 12; the surface of the substrate 12 can be irradiated uniformly 
with molecular beams. The molecular beams are charged with high-purity 
Si. The Gi substrate 12 is moved between the infrared lamp 13 and the 
moleculai^beam cells 14; its surface temperature is held at about 300" 
C by the infrared lamp 13; the temperature of the molecular-beam cells 14 is raised to about 1400** C; the 
temperature of the substrate 12 is raised and it is lowered immediately after the molecular beams have been 
irradiated. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

translated by computer. So the translation may not reflect the original precisely 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] a processed substrate — RTA (Rapid Thermal Annealing) — the manufacture approach of the 
semiconductor device characterized by including the process which performs surface treatment of this 
processed substrate by performing to coincidence the heating process which carries out short-time heating by 
law, and the beam exposure process which irradiates the beam of the constituent of this processed substrate at 
this processed substrate, or carrying out by a unit of at least 1 time by turns. 

[Claim 2] It is the manufacture approach of the semiconductor device according to claim 1 characterized by 
performing said beam exposure by two or more molecularHjeam eels. 

[Claim 3] Said heating is the manufacture approach of the semiconductor device according to claim 1 to 2 
characterized by being infrared exposure heating. 

[Claim 4] It is the manufacture approach of the semiconductor device according to claim 3 characterized by 
performing said infrared exposure heating from the rear face of the opposite side of the component formation 
field of said processed substrate, and performing this beam exposure from the front face by the side of the 
component formation field of this processed substrate in case said heating process and said beam exposure 
stroke are performed to coincidence. 

[Claim 5] It is the manufacture approach of the semiconductor device according to claim 3 characterized by 
performing said infrared exposure heating and this beam exposure process from the field by the side of the 
component formation field of said processed substrate in case said heating process and said beam exposure 
process are performed by turns. 

[Claim 6] Said surface treatment process is the manufacture approach of the semiconductor device according to 
claim 5 characterized by being pretreatment before membrane formation. 

[Claim 7] Said pretreatment is the manufacture approach of the semiconductor device according to claim 6 
characterized by being pretreatment in the multi chamber equipment which has two or more chambers 
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* NOTICES* 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] In case this invention can relate to the manufacture approach of a semiconductor device, 
can be applied to the surface treatment approach of substrates, such as silicon used for a semiconducting 
crystal manufacturing technology and an electron device manufacture process, in detail and removes the natural 
oxidation film of a processed substrate especially, impurity residue, a damage, etc. are made hard to produce on 
a processing front face, and it relates to the manufacture approach of the semiconductor device which 
degradation of a component property can be made hard to produce. 

[0002] In recent years, development research of the basic technique is actively performed towards 
implementation of ULSI integrated circuits, such as 256Mb and DRAM of 1 Gb class. And the minimum processing 
dimension Ruhr in the integrated circuit of this class It is very as small as 0.3 micrometers or less, and, 
moreover, quality improvement is demanded with low temperature-ization in each process. And a processing 
process is also changing a lot with the demand of high integration of a component. 
[0003] 

[Description of the Prior Art] Drawing 7 is drawing showing the bad influence which the natural oxidation film on 
the front face of silicon has on device basic structure. It is Si02 after the natural oxidation film 32 has arisen on 
silicon substrate 31 front face, as shown in drawing 7 (a). It is Si02 when sequential formation of an insulator 
layer 33 and the Pori Si wiring layer 34 is carried out Gas, an impurity, etc. are spread in an insulator layer 33 
and the Pori Si wiring.layer 34. and it is Si02. The membraneous quality of an insulator layer 33 and the Pori Si 
wiring layer 34 worsens, and a component [ become / easy to produce a poor proof pressure ] property 
becomes easy to deteriorate. 

[0004] Moreover, it is Si02 after the natural oxidation film 32 has ariseri on silicon substrate 31 front fece. as 
shown in drawing 7 (b). It is Si02 when sequential formation of an insulator layer 33 and the aluminum wiring 
layer 34 is carried out Gas, an impurity, etc. are spread in an insulator layer 33 and the aluminum wiring layer 34, 
and it is Si02. The membraneous quality of an insulator layer 33 and the aluminum wiring layer 34 worsens, and 
component properties, — induction of the defect is carried out into the aluminum wiring layer 34 — become 
easy to deteriorate. 

[0005] Moreover, it is Si02 as shown in drawing 7 (c). After the natural oxidation film 32 has arisen, the Pori Si 
wiring layer 34 is formed in silicon substrate 31 front face in opening 33a formed in the insulator layer 33. 
Furthermore, if the SiN insulator layer 35 is formed in this Pori Si wiring layer 34 front face after the natural 
oxidation film has arisen Gas. an impurity, etc. are spread in the Pori Si wiring layer 34 and the SiN insulator 
layer 35, and the membraneous quality of the Pori Si wiring layer 34 and the SiN insulator layer 35 worsens. That 
it is easy to produce poor contact in a silicon substrate 31 and the Pori Si wiring layer 34, it becomes, or 
capacitor capacity falls, it becomes easy to produce a defect and a component property becomes easy to 
deteriorate. Especially the problem in this drawin g 7 is. It becomes remarkable in the process of the ULSI 
integrated circuit of 0.3-micrometer level etc. 

L0006] Thus, by the former, since the component property deteriorated after the natural oxidation film had arisen 
and forming the following layer, before forming membranes, surface treatment was carried out by argon sputter 
3tching. hydrogen plasma etching or fluorine radical etching, etc.. and the dirt of the natural oxidation film had 
jeen removed. 

;ooo7] 

.Problem(s) to be Solved by the Invention] however, by the manufacture approach of the above-mentioned 
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conventional semiconductor device Since surface treatment was carried out by argon sputter etching, hydrogen 
plasma etching or fluorine radical etching, etc.. After impurities, such as hydrogen and a fluorine, tended to 
remain on a processing front face and the impurity had remained, when the following layer was formed, there was 
a problem that the membraneous quality of the film which the above-mentioned impurity was spread in the 
formed film, consequently was formed worsened, and a component property tends to deteriorate. Moreover, 
since surface preparation was carried out by etching, there was a problem that a damage tends to go into a 
processing front face. When the damage went into the firont face, surface morphology worsened and a diffusion 
layer was in a substrate, it might etch to the diffusion layer. 

[0008] For this reason, an impurity remains on a processing front face, in order to solve the problem that a 
damage will go into a processing front face, a heating furnace is used, heating at high temperature of the silicon 
processed substrate is carried out at about 1000 degrees C. and the method of removing the Si02 natural- 
oxidation film is learned for the former by irradiating Si beam for about ten seconds further. In addition, it does 
not pretreat to a silicon substrate but is Si02. When removing the natural oxidation film, substrate temperature 
can be made into about 1000 degrees C, and a pure substrate front face can be obtained by irradiating Si beam 

for about ten seconds. 4. * xu 

[0009] However, by this approach, since the temperature up of the furnace was used and earned out to the 
elevated temperature of 1000 degrees C raising substrate temperature, a heating up time will take long duration. 
For this reason, diffusion of impurities, such as a diffusion layer of a component formation field, arose for the 
elevated-temperature maintenance in this long duration, and there was a problem that the component property 
accompanying impurity diffusion will deteriorate similariy with having described above, after all. 
[0010] So, in this invention, in case the natural oxidation film of a processed substrate fi-ont face is removed, 
while being able to make impurity residue hard to produce on a processing fi-ont face, it can be made hard to go 
a damage into a processing front face, and impurity diffusion can be made hard to produce moreover and it aims 
at offering the manufacture approach of the semiconductor device which degradation of a component property 
can be made hard to produce. 

[Means for Solving the Problem] the manufacture approach of the semiconductor device by this invention the 
above-mentioned purpose achievement sake — a processed substrate — RTA (Rapid Thermal Annealing) — the 
process which performs surface treatment of this processed substrate is included by perfomiing to coincidence 
the heating process which carries out short-time heating by law, and the beam exposure process which 
irradiates the beam of the constituent of this processed substrate at this processed substrate, or carrying out 
by a unit of at least 1 time by turns. 

[0012] Substrates, such as Si, GaAs, and InP, are mentioned to the processed substrate concerning this 
invention, and beams, such as Si. As. and P. are mentioned to the beam of the constituent of the processed 
substrate to this. Moreover, infrared exposure heating etc. is mentioned to heating by the RTA method. A 
processed substrate can be irradiated with distribution equally more sufficient than the case where it carries out 
in a molecular-beam eel single by the case where said beam exposure is performed by two or more molecular- 
beams eel in this invention being desirable, and arranging [ as opposed to / in this ease / a processed 
substrate ] a molecular-beam eel with equally sufficient suitably distribution. 

[0013] In this invention, in case a heating process and a beam exposure process are performed to coincidence 
For example, an infrared exposure line etc. is heated from a processed substrate rear face (field of a component 
formation field and the opposite side). That what is necessary is just made to perform a beam exposure from a 
processed substrate front face (field by the side of a component formation field), in case a heating process and 
a beam exposure process are performed by turns, what is necessary is just made to perform heating and a beam 
exposure of an infrared exposure etc. by turns from a processed substrate front face. While being able to 
simplify a process defined system rather than the case of the latter, surface treatment of the case of the former 
can be carried out easily. In the case of the latter, since both processes can be performed from the front-face 
side of a processed substrate, dispersion in substrate skin temperature can be made fewer than the case of the 
former. 

[0014] this invention — setting — wiring of aluminum etc.. and Si02 etc. — it can be made to be able to apply 
to pretreatment before membrane formation of an insulator layer etc. preferably, and can be made to apply to 
the head end process in multi chamber equipments which have two or more chambers, such as CVD and a 
sputtering system, preferably especially 
[0015] 
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[Function] Since the temperature up of the substrate temperature was carried out at the furnace in the former 
as mentioned above, as shown in drawing 1 (a) If long duration will be needed by the time it amounts to 1000 
degrees C which is the target temperature, and it is only for about ten seconds about the temperature of 1000 
degrees C in fact, although the natural oxidation film is removable Since a substrate will be put from several 
minutes to the bottom of the elevated temperature of the long duration of dozens of minutes, diffusion and the 
damage of an impurity started and there was a problem practically. 

[0016] on the other hand — this invention — RTA — that about several seconds should just be to carry out a 
temperature up to 1000 degrees C as shown in drawing 1 (b) since law is used, since it is good also for a 
temperature fall in about dozens of seconds from several seconds, the time amount which is maintaining the 
substrate at the elevated temperature is very shorter than the case where the conventional furnace is used, and 
ends. Since this can make a process finish before the effect by diffusion of an impurity appears, it can be said to 
be a low-temperature process and an equivalent process. For this reason, the problem of diffusion of a damage 
or an impurity does not arise. 

[001 7] thus — this invention — a substrate — RTA — it changed into the condition of being easy to remove 
the natural oxidation film on the front face of a substrate by carrying out a short-time temperature up using law. 
and the natural oxidation film is physically removed by irradiating beams, such as Si of the constituent of a 
substrate, in this condition. Thus, impurity residue can be made hard to produce on a processing front face, 
since the beam of the constituent of a substrate is irradiated. Since it will not be impurities, such as F in the 
case of being based on etching, such as the conventional F, even if the atoms (Si etc.) of a substrate 
constituent remain in a processing front face, even if it heat-treats membrane formation annealing etc. after 
that, there is almost no bad influence. And it can be made hard to enter the damage on a front face of 
processing like [ since the beam exposure has removed the natural oxidation film which changed into the 
condition of a temperature up being carried out and being easy to remove / in the case of being based on the 
conventional etching ]. And it can be made hard to produce rather than the case where it is based on the 
elevated-temperature time amount at the conventional furnace, since a short-time substrate temperature up 
can be managed by the RTA method. 

[0018] In addition, it cannot be overemphasized only by carrying out the short-time temperature up of the 
substrate by the RTA method that the natural oxidation film is unremovable. Moreover, it cannot be 
overemphasized that the natural oxidation film is unremovable only by Si accumulating only by carrying out a 
beam exposure to a substrate if it is Si beam in ordinary temperature, for example. 



[Example] (Example 1) Drawing 2 is the schematic diagram showing the configuration of the multi chamber 
equipment which **(ed) in the example 1 of this invention. In drawing 2 R> 2, each chamber is held at an ultra- 
high vacuum or a high vacuum, and is divided with the gate valve 1. It consists of the CVD room 2, the spatter 
rooms 3 and 4. an anteroom 5, and a UHV (ultra high vacuum, ultra-high vacuum) processing room 6, and, as for 
a chamber, a wafer can move now centering on an anteroom 5 between each chamber. 

[0020] next, the UHV processing interior of a room where drawing 3 is held at the ultra-high vacuum of a 10-10 
Torr base — it is the flat surface and cross-section schematic diagram showing the configuration of the surface 
treatment equipment currently installed in 6. In drawin g 3 , 1 1 is a substrate electrode holder for holding a 
substrate 12, and this substrate electrode holder 11 is carrying out a configuration which faces across the edge 
of a substrate 12. and it is arranged so that substrate 12 front face may be downward suitable, so that the front 
face by the side of the component formation field of a substrate 1 2 and the rear face of this opposite side may 
not be covered. And it has the infrared lamp 13 as a heater which can irradiate infrared radiation from the flesh 
side of a substrate 12. Moreover, the molecular-beam eel 14 of 3x3 is arranged to the perpendicular direction of 
substrate 12 front face, and a molecular beam can be irradiated now on substrate 12 front face at homogeneity. 
Si of a high grade is charged by the molecular-beam eel 14. 

[0021] First, the Si substrate 12 is moved to the UHV processing room 6 from the anteroom 5 currently 
maintained at the high vacuum. Subsequently, the Si substrate 12 is moved between an infrared lamp 13 and the 
molecular-beam eel 14, and it is substrate 12 skin temperature by the infrared lamp 13. It holds at 300 degrees 
C. The temperature of the molecular-beam eel 14 is raised to about 1400 degrees C between them, with the 
shutter shut The temperature of this molecular-beam eel 14 is set up so that it may become [ second ] in about 
1A /as a rate of the molecular-beam growth in substrate 12 front face. Then, substrate 12 skin temperature is 
raised, and the shutter of the molecular-beam eel 14 is opened for 15 seconds at the same time it amounts to 
1000 degrees C. And substrate 12 temperature is dropped at the same time it closed the shutter of the 
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molecular-beam eel 14. Descent of substrate 12 temperature is in about 20 seconds so that temperature may 
not fall quickly. It lowers to 300 degrees C. Thereby, the dozens of A natural oxidation film of substrate 12 front 
face can be removed, and substrate 1 2 pure front face can be obtained. Here, the substrate skin temperature 
change to aging at the time of using this approach is shown in drawing 4 R> 4. 

[0022] And the substrate 12 with which the clean surface was acquired is again returned to an anteroom 5, it 
moves to the CVD room 2. the spatter room 3, and the spatter room 4 respectively, and predetermined 
processing is added. As mentioned above, the semiconductor device which has the property which was excellent 
in this example since substrate 1 2 pure front face is obtained, there are no worries about contamination, it could 
be made to be able to move to the following chamber and the following predetermined processing was perfomied 
by adding the surface treatment equipment which can perform clean-surface processing extremely to the multl 
chamber equipment which consists of an ultra-high vacuum or a high vacuum was able to be manufactured. 
From the molecular-beam eel 14, since Si molecule beam of a high grade is irradiated, there is no impurity in 
addition to Si, and an impurity does not remain on a substrate 12. And since two or more molecular-beam eels 
14 are used, a molecular beam is irradiated by the substrate 12 at homogeneity, and even when a 8 inch wafer is 
used, surface treatment can be performed uniformly, moreover, RTA according to an infrared lamp 13 in 
substrate 12 temperature up — since law is used, the time amount currently maintained at the elevated 
temperature is as short as about dozens of seconds, and diffusion of an impurity does not take place and does 
not have a damage, either. 

[0023] (Example 2) This example is also explained to multi chamber equipment using the same thing as the 
equipment of an example 1. Drawing 5 is the flat surface and cross-section schematic diagram showing the 
configuration of the surface treatment equipment currently installed in the UHV processing room 6 which is a 
vacuum chamber of the vacuum devices held at the ultra-high vacuum of a 10-10 Torr base. In drawing_5 , the 
same sign as drawing 3 is carrying out the same or the cross-joint mold with which four substrates 12 can be 
held so that a considerable part may be shown, 1 la may be a substrate electrode holder for holding a substrate 
12 and substrate 12 front face may be downward suitable this substrate electrode-holder 11a, and rotates a 
core as a shaft And under substrate electrode-holder 11a, it divides equally in the eight directions centering on 
a shaft, and is arranged from the anteroom 5 direction of drawing 2 in order of a loader 21. infrared lamp 13a, 
molecular-beam eel 14a, infrared lamp 13b, molecular-beam eel 14b, infrared lamp 13c, molecular-beam eel 14c, 
and an unloader 22. The infrared lamps 13a-13c here are arranged upward so that substrate 12 front face may 
be irradiated respectively. The molecular-beam eels 14a-14c are attached to one place, and are arranged 3x3, 
and it is made for a molecular beam to be irradiated by homogeneity on substrate 1 2 front face. Si of a high 
grade is charged by these molecular-beam eels 14a-14c. The unloader 22 has the composition that the 
substrate 12 which processing finished can be moved to an anteroom 5 so that a loader 21 can attach in 
substrate electrode-holder 11a of a cross-joint mold the substrate 12 which has moved from an anteroom 5. 
[0024] First, a substrate 12 is moved to the UHV processing room 6 from the anteroom 5 currently maintained 
at the high vacuum. A substrate 12 is attached in substrate electrode-holder 11a with a loader 21 in that case. 
Subsequently, substrate electrode-holder 11a rotates, the substrate 12 attached in substrate electrode-holder 
11a moves onto infrared lamp 13a, and substrate 12 skin temperature It is held at 300 degrees C. The 
temperature of molecular-beam eel 14a is raised to about 1400 degrees C between them. The temperature of 
this molecular-beam eel 14a is set up so that it may become [ second ] in about 1A /as a rate of the molecular- 
beam growth in substrate 12 front face. Substrate 12 front face is heated by 1200 degrees C on infrared lamp 
13a Shortly after substrate 12 skin temperature becomes 1200 degrees C. it will move onto molecular-beam eel 
14a. and a molecular beam will be irradiated about 5 seconds, and a shutter closes. The following substrate 12 is 
attached in substrate electrode-holder 1 1a between them. If a shutter closes, a substrate 12 will move onto 
molecular-beam eel 1 4b. The substrate 1 2 following skin temperature If it becomes 300 degrees C, the front 
face of the first substrate 12 and the following substrate 12 will be heated by 1200 degrees C. If substrate 12 
skin temperature becomes 1200 degrees C, it will move onto the following molecular-beam eel immediately, and 
a molecular beam will be irradiated about 5 seconds. This actuation is returned to the deed substrate 12 with a 
loader 21 by one rotation in an anteroom 5. The irradiation time of the molecular flow from the molecular-beam 
eels 14a-14c is set up as it has been total [ of 10 seconds - ] about 15 seconds. Moreover, substrate 
electrode-holder 11a of a cross-joint mold rotates so that each actuation may be suited. And if a substrate 12 
goes round, the natural oxidation film of dozens of substrate 12 front face can be removed, and substrate 12 
pure front face can be obtained. Here, the substrate skin temperature change to aging at the time of using this 
approach is shown in drawin g 6 . 
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[0025] And the substrate 12 with which the clean surface was acquired is again returned to an anteroom 5, it 
moves to the CVD room 2, the spatter room 3. and the spatter room 4 respectively, and predetermined 
processing is added. As mentioned above, the semiconductor device which has the property which was excellent 
in this example since substrate 12 pure front face is obtained, there are no worries about contamination, it could 
be made to be able to move to the following chamber and the following predetermined processing was performed 
by adding the surface treatment equipment which can perform clean-surface processing extremely to the multi 
chamber equipment which consists of an ultra-high vacuum or a high vacuum was able to be manufactured. 
From the molecular-beam eels 14a-14c, since Si molecule beam of a high grade is irradiated, there is no impurity 
in addition to Si, and an impurity does not remain on a substrate 12. And since two or more molecular-beam eels 
are used, a molecular beam is irradiated by the substrate 12 at homogeneity, and even when a 8 inch wafer is 
used, surface treatment can be performed uniformly. And in this example, since infrared lamps 13a-13c and the 
molecular-beam eels 14a-14c can be arranged in by turns on a periphery and processing can be added to a 
substrate 1 2 one after another, surface treatment can be performed very efficiently, moreover, RTA according 
to infrared lamps 13-1 3c in substrate 12 temperature up — since law is used, the time amount currently 
maintained at the elevated temperature is as short as about dozens of seconds, and diffusion of an impurity 
does not take place and does not have a damage, either. 



[Effect of the Invention] According to this invention, in case the natural oxidation film of a processed substrate 
front face is removed, while being able to make impurity residue hard to produce on a processing front face, it 
can be made hard to go a damage into a processing front face, and impurity diffusion can be made hard to 
produce moreover and there is effectiveness of the ability to make degradation of a component property hard to 
produce. 
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♦ NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] RTA of the case where the temperature up of the substrate is carried out using the conventional 
furnace, and this invention — it is drawing showing change of the substrate skin temperature to aging with the 
case where the temperature up of the substrate is carried out using law. 

[Drawing 2] It is the schematic diagram showing the configuration of the multi chamber equipment which **(ed) 
in the example 1 of this invention. 

[Drawing_3] It is the flat surface and cross-section schematic diagram showing the configuration of the surface 
treatment equipment which **(ed) in the example 1 of this invention. 

[Drawing 4] It is drawing showing change of the substrate skin temperature to aging which **(ed) in the example 

1 of this invention. 

[Drawl ng_5l It is the flat surface and cross-section schematic diagram showing the configuration of the surface 
treatment equipment which **(ed) in the example 2 of this invention. 

[Drawing_6] It is drawing showing change of the substrate skin temperature to aging which **(ed) in the example 

2 of this invention. 

[Drawing 7] The natural oxidation film on the front face of silicon is drawing showing the bad influence which it 
has on device basic structure. 
[Description of Notations] 

1 Gate Valve 

2 CVD Room 

3 Four Spatter room 

5 Anteroom 

6 UHV Processing Room 

11 11a Substrate electrode holder 

12 Substrate 

13, 13a-13c Infrared lamp 

14, 14a-14c Molecular-beam eel 

21 Loader 

22 Unloader 
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(1**^1 1 S^«!!SS««rRTA (Rapid Thermal An 
nealing)ffilCi?)M^raJDlRi-r?.ADS!lXgi:. 

h 1 [H]-f o^7 5 C t d i t) , ^^*aaS«<^SffiteSSr 
looo U 

[0 00 21 35^. 2 5 6Mb-^l Gb^7:*<'5DRA 
<7?^iBI0^'CI*. li/hADX^iS/i — >'M5 0.3AiniEiTt 
mS'fkroS^lwmv Anxxet:^t<«*3o-ct-cv> 

[0 0 0 3] 



2 ) #M5F6-2 9 2 34 

2 

32;iS4Cfc4ftfli-CS i O, l6gfcSl33XOfsH y S i E»S 
34SrJIS2>cJ^^i-5)i:s S i O, J6glffi[33XTJ«xK y S i£ 

xotjif y s i iE»B34«)jg[«*ss< ft *) > mm^Ami 

[00041 07 (b) v'y^^' 

£«31^®»cg«iJe!'(biS[32i45^Cfc4*ifl8-CS i O. t6» 
JBl33XUtA 1 iEi»Ji34Sr)IS5?c?gfiS;^5 , S i O. IS 
»Bl33RUfA 1 Ei69^34rtfc;Jf;^, ^iffi4&^!4sa:»U-C 

10 S. i O. t6&K33XUf A 1 Eil*e34<OKSi5B< * , 

[00051 S 7 ( c ) iC^-Ti 9 Si O. 

tfe^33jCj^fig$ix:fcMPgi533a rt<^'> ^ = i^SSSl^ 

miz^f^mmz2i>i±\:.it^i&x^v s ii£iia34S:j^ 

^L. 5H::rrojKy s i iEiKUi34*ffi»ci«{SMk«*s^ 
Cfc<^flS-es i Ni|i6edK35Sr?^j«-r^)i:. xKy S i iE» 
muRXfS i N|&eyK35lc;tf;^, ^*e«fe)^*sittiU-C5H 
V S i BBi»S34Xt/S i N*ft»B!35WBI«*^»< * 0 , 
20 •>>; =ii^S«31i:!Ky S iEill*34tt?=«i^iJ'i' h^A 

m 7 T(OTSm\-i.l!^\Z 0. 3 M m W'^/WOTU LSI ifeWUlSS 

[0 0 0 61 r<oJ;5J'> ^i^mtmi)i±Cti^f&X». 
m b-r L* 5 i 5^}^4^^4^)s^^^^; b* 5 «>-e, 

30 *b-CV>fc, 
10 0 0 7] 

[«W*s«»:bi 5 i:i-5Siei bA»b'i;i5^, ±fBb 

9.:;:»/W3i5,f^v^'«f«wJ:*)*ffi«]!abrv^fcfcii>, i& 
S^SI-tKIS. 7->3l^<D:^J^«5;4SiSebg<. ^♦fi'K) 
25SjSebySitt®-C*eS:J*®Ji"^'i:. 

«)8is«ss< Jio-c3R^«^±;is^^?^bbSv^^:v>5raH^» 

40 fcoyto 3is/^>':J/'»rJ;t)*E*Q.SbTV^fcfc 
fc. v?*SA'5i:, ^®**o v^— is®< /.C 

[0 0 0 81 z<r>tL^. «igSffi(;i^*i6^Asaeb. fti 
t¥3ie-ei*» v^y =i>'tt*ass«S:iw^<?*ffl''^ 

Ti|!Ul000'CSS-eiiSiailPi8Jb. Ht-S i ^^-ASr+«l^' 

50 *5ftjt>tvTw^5. v'y ='vs«^-*^F^aasr^Tfc-r 



3 

s i o. ^mstitm(of^t:n^m^t±^ ssia^sr*?! 

iooo*C»cL. +»|}'(OS i tr— ASrfig^5 - irici 9 
[0 0 0 9] LA^L/iAih. cioj^ft-eHc, iooox:tv> 

lo o 1 01 ^-c-e. *»ig-ew:, «^ass«^ffic3g 

[0 0 1 1 1 

(Rapid Thermal Anneal ing)ffi{C J; t) M^MAD^i-S;!ni 

vMi2!!2i;:^j^/i < 1 1 1 ig-f o^T 5 w i: <t 13 , gfftia 

[0 0 121 *«Wl::^R5«*!iaS«fc<±, S i . G a 
As, In P^n^Amtfhix. rit»w^^-t-5««ia 

*s^lfe)ix5. *yS:, RTAj*lc±5io|RHrii, 
[0 O 1 3 J *«igjr*JV>TJ4, JD^ISi: f-Afigft 

I 0 0 1 4 1 *«iq»c:*iv^Tii, A 1 ^(OEi^-^S i o 
1 ^<^*6«KI?«jfiaB[t(rtf5|ti«iS»e:»*L<ig^S*s 50 



3) ^§8^6-2 9 2 34 

4 

[0 0 15] 

bTv^^t;t«?), 01 (a) »r^i-^<, B«)<^)ia*-eS> 
51000'CJciti--5*-e{c:S^MSrj6J.Si: b, HBgJciiiO 

[0 0 16] zir\.\zn\^. RTAffi^ffiV^ 

5<o-e, Ell (b) jr^-TAK, 1000"C4-e#iai-5o5 

J; ^^mA^mx^m\z y-rt-b:^ SriN^to e>-e:^ r 1 2)J 

20 j±firfo/j:v>. 

[0 0 17] ^(Dipfr, *«e^T'l4, S«S:RTA& 

<gir, 3S«#|fig«bSfom^ (s ilf) as^i 

tAi-Q^Z>o UA^t, RTAfet::J:t)M^H<^s«#® 

J; 5 J; t) t ^ CIK -r -5 r i: 5. 
[0 0 18] ;t*J, S«S:RTA&-CS^W#ML;?:;^r 

[0 0 19] 

mmm] (^jsmd i2i2i±*«ig<r)iiifi«ii::aijL 

2gl-i*J*$ii, '5'— hv</u:/i-eti:^P,nrv^5. ^-y 
:^^<-«cvD^2, :^^<yi'^3. 4, JPiiiiSsxt/ 

UHV (^>y^^7/^-r/■?:^r^-A, AttS^e 



( ■ 

5 

[0 0 2 01 BSmO-" ToTT-^<DmMM^ 

7'l3S^^i^-cv^-5o s«i2^ffi<oiiii::^i6]ii3x 

[00 2 11 iS;i5Sir»fc*t-cv>5m«i^5*-b 
UHVftia^e'-S i««12Sr»«lS-«r*. *V>t?, S 
i »«12*3^^«19 :^::ri3i:5^^»-fe^H4roHlw^tb 

«)fc**-c?i4oot;e«ic:±»ft*i<. ^(D^=f-mr^j^u 

rojflilC»±, ^i2«ffilw*3«t^.^>^«^fi£S<^^-^t b 
-Ci!«*ii A/«J'i::'a«i5»-Si*-t"5» ^<^m. S«12^ 

i 5 tc20S'efit? 300*0* -CTif 5. S« 

C 0 o 2 2 1 ^- b-C. ^»}t*«ai*s^§5>i^/tS«l2ttS 
tr!i«S^5fcM$ix, CVD^2. ^^^^s/iS'^S. 

fc*, S i eA^t-^*fi^*5/i<, S«12±lw5F*6«l/i5« 
^?-r-5ri:t>/j:v^o ^U-C, :J^^«|-tyH4S:««<Bfflv> 
TV^Sfc*, S«i2»cJ^-l::^^^«**flaj»t$n._8-Yi^ 

[0 0 2 31 {%mm2) -^/^^^^r^^ 



I) 4^B8Sp6-2 9 2 34 

6 

Eismo"' To r r■&ro)eitiS^^^-»l^$i^^» 

«^^g«)S^^T?fc 4 u H V ismM 6 i^sig * nx 

3^«rSiL. 11 a ttSfil2Srfiil^-t-5fc*<^S«'l^v''^5^- 
-efc?), r<73StS*>'i'^^— lla S«12«cB*5T»-r6] 
< J:5lc*«l2Sr4tJcfiM*t?#5+*®SrU-C*i5, 
^^Srttl^:UXIH]^Ei-*J:9^-<Co■^''^:5„ ^UT, S« 
7i.yi.y-ii a Tlwtt. |iliS:'f'Wr8:^f6)ir^5>U. 0 2 

10 <Dmmm.S^m^h°—^-2U #^1-I9^i'7'13a, ^> 
^it&-fevH4a. m^m^l^^lih. 5»^lft-fevH4b, ^ 
^|«9>'7'13c, ^^^»-fe-'W4c. TVB-y-22<^IH 
lriEfi$tV-CV^5o r r-T?<?55^^1-i»7^':7'13a ~13c 
l±, =a->«rS«12Sffi=Sr^tti-4±5Jw±[6]#»cEa^?H 
TV^S. 3^^i|&-fe/H4a ~14c 141 *SflJ^^+^ 3 X 3* 
EBb. ^12«a5lwJ$-»'^^^^«ft*5R8^^^^5 5 »C 
-f-So r<7?^»T-i®-fe''H4a~14clr|*. iS5*6S<^SiAS 

b-C#fcS«12«r+^03li«*''^^^-ll « " 
20 5ri:*s-T?#5i9lw. T^n-y-2214, «3!S<0^*^ 
o fc««12 SrtfSffl^ 5 $-&5ri:*s-e*4iP'S 

[0 0 2 41 *i"> i«SS»::i»*:^l.-cv^s!|iH•^5*»fe 
UHV«iS^6'^S4Rl2Sr»»$-1i:^). S«12 

^bo »:v^-e, S«*yUi/-iia»j:Si»)f«i-»tbixfcS«i2 

14, S«*/l'i/-lla«S|ateb#^«7V7'13a±»C«f 

iljb-ca«12*ffiiaS«5 300'Clc:»^$n5, -5r<^W»' 
^^j|§-tyH4a (Ota^Srl400'CeffiiC±JfT*3<o 

«12Sffi{45^^1-i^7 X:^13a Ji-ei200'CI'*n«i$ix2>o 
X«12*ffiia«*5l200*Ctr/i4 t •r<'t-^>^^-fe''H4 a 

±jcSH!jb5>^i»;6S5#a«l»itSn, •>-rs'^'-*sBfl 

b5. ^«)Wir?)cro3£«12«S^«d^/L'y-lla lwSl»3f+ 
ttttvSo ->-v?'<5'-3iSHC5tS«I2l±^>^IS-fevH4 
b±ir^«i-5, j5cwS«i2«®JiJf*5 300*C»::<c5 

;SlawS«12Xt/*«?2E«12O«B*U200"ClC*0^ 

$*v:6. »«i2*ffiiaS*5i200'CJc;i5i:, ■r<:{z»:<r> 

w<o#fei^Sr 1 lHlfe^=f7V^S«12l4a-y— 21»w J: 9 mffl 
^5»cM$n?). ^^^i»-feyH4a~l4c*>b<o^^^iiiE<o 
Rglt«?MI4-&tH0»~15«^eft»-'i* J: 5 icK^^tt-C 

'toXo\z^^i-i. ^rb-C, S« 12*5-0 5 i-St, 
S«l2«S<ofc+<o g «^S^^kffiiS:JSf*i-5 w i: t^Xt , 
mj^<cS«12«ffiSr#5-i:**"^**- ^"^^ 

50 [ 0 0 2 5 1 ^ bT, ?S#/jr«fB5*S»6>nfcS«12»4W 



t/Jp{i^5JcMSn, CVD^2. :^^<'y^m3^ 

fi8lt$ix<5/5:*. S i £i^lw^*eifedSife< , Sfil2±JZ 

:/13a ~13c i:^^i||-fe/H4a ~14 c SrjS!ESJrM'<*'«r 
J±5^^I87 :^:^13~13 c J; 5 R T AiSfeSrffi v '>TV 

[0 0 2 6] 



20 



( 5 ) #M^6-2 9 2 3 4 

8 

<0 R T A j£ ^^ffi V ^Ta« Sr#}& L i: <^iS^^<t:l;: 
10 2] 1 \zSH Vit-^ju^^^ v^^-SI 

[BI41 y^^w<om&mi\zwiLit&f^mtizm-im 
10 IE 5] *«iq(75iijfipj2ic:aiJbfc*E*as«s<?D«j|g 
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